Aims: In this research we assessed the prevalence of prediabetes and type 2 diabetes and its association with social determinants such as indigenous origin and residence area in population from Comitan, Chiapas, Mexico. Methods: The Comitan Study is a population-based study carried out from 2010 to 2012 that included 1844 participants aged ≥ 20 years, 880 indigenous and 964 nonindigenous participants. Ethnicity was ascertained by self-report and speaking an indigenous language was also recorded. Prediabetes was defined as fasting serum glucose 5.6-6.9 mmol/l or 2-hour post load serum glucose 7.8-11.0 mmol/l. Type 2 diabetes was defined as fasting serum glucose ≥ 7.0 mmol/l or 2-h post load serum glucose ≥ 11.1 mmol/l or previous clinical diagnosis. Results: Age-sex-adjusted prevalence of prediabetes and type 2 diabetes was 18.0% (95%CI 15.3-20.6) and 11.0% (95%CI 8.9-131.1) in nonindigenous and 10.6% (95%CI 8.4-12.7) and 4.7% (95%CI 3.3-6.1) in indigenous individuals, respectively. After stratifying by ethnicity, in both indigenous and nonindigenous participants the probability of prediabetes and type 2 diabetes increased with age and BMI. In both indigenous and nonindigenous participants the probability of type 2 diabetes was lower in those living in rural compared with urban areas. Conclusions: The prevalence of prediabetes and type 2 diabetes was significantly lower in indigenous than in nonindigenous participants. Also, the prevalence of type 2 diabetes was lower in those living in rural areas.
Introduction
The prevalence of type 2 diabetes has increased worldwide over the past three decades and the disease will affect roughly half a billion people by 2030 [1, 2] . Ethnic differences have an influence in the prevalence and incidence of type 2 diabetes, perhaps stemming from genetic variations and environmental risk factors. Some studies suggest that disadvantaged groups, including many indigenous populations, are at particularly high risk for diabetes owing to their lower socioeconomic status (SES), lower education level, and lack of accessible health care [3] [4] [5] . The increased risk of obesity and diabetes in indigenous populations may be explained in part by the acculturation process that occurs inside or outside their communities. In general, the degree of acculturation is related to the level of modernization, which has an influence on daily activities, including a more sedentary lifestyle and access to poor quality food and soft drinks [6, 7] . Whether this is the case regarding indigenous populations of Mexico remains to be determined.
In Mexico, diabetes has become more common at younger ages, which is due in part to the adoption of obesogenic lifestyles. Nationwide, the prevalence of type 2 diabetes in individuals 20 years and older was estimated at 6.7%, 7.5%, and 14.4% in 1993, 2000, and 2006, respectively [8] [9] [10] . Few studies have specifically determined the prevalence of the disease in Mexican indigenous population, which ranges from 2% to 9% across indigenous groups in individuals 20 years and older [11] [12] [13] . Likewise, data about the prevalence of prediabetes in indigenous people are scarce, and the estimates range from 14.6% to 21% [14, 15] . This study aimed to assess the prevalence of prediabetes and type 2 diabetes and its association with social determinants, such as indigenous origin and residence area, in population from the Municipality of Comitan de Dominguez, in the State of Chiapas, Mexico. We hypothesized that a less urbanized environment is a protective factor for indigenous individuals in relation to lower probability of prediabetes and type 2 diabetes.
Materials and Methods

Study population
The Comitan Study is a population-based investigation carried out from 2010 to 2012 to determine the prevalence of type 2 diabetes, cardiovascular diseases, nephropathy, and associated risk factors among indigenous and nonindigenous adult population from the Municipality of Comitan de Dominguez, in the Mexican State of Chiapas, which is among the four poorest states in Mexico, and is the second state with the highest proportion of indigenous population. A census was conducted in 5 rural and 3 urban areas chosen at random and by convenience sampling, respectively. From the rural areas, all eligible indigenous individuals were invited to participate, whereas urban nonindigenous persons were chosen randomly. Indigenous origin was ascertained by self-report. Indigenous individuals speaking either only Spanish or both their native language and Spanish (bilinguals) were identified. Participants who considered themselves as nonindigenous constitute a group of population, the largest in Mexico, known as mestizos (of mixed racial parentage, mainly of indigenous and European origin) [16] . The degree of community marginalization was categorized in accordance with Mexico's National Population Council (CONAPO) criteria as low, medium, high, and highest degree depending on the level of education, type of dwelling, and economic wealth. Rural communities were defined following Mexico's National Institute of Statistics and Geography (INEGI) criteria as those with 2499 inhabitants or less [17] .
The research evaluation included questionnaires on medical history, dietary information (semi-quantitative Food Frequency Questionnaire, FFQ, designed with the methodology of Willett et al.), and physical activity (International Physical Activity Questionnaire, IPAQ, short version). A physical examination and laboratory tests were done as well. Height, weight, and waist circumference were measured with the participants wearing lightweight clothing and no shoes. Body mass index (BMI) was calculated as weight divided by the square of height in kg/m 2 . Systolic blood pressure (SBP) was measured at the first and diastolic blood pressure (DBP) at the fourth Korotkoff sound in the right arm three times after a 5-minute rest, while the individual was seated. Values for the last two readings were averaged. Hypertension was defined as SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, or use of anti-hypertensive medicine, regardless of blood pressure values.
Fasting and 2 h venous blood samples were collected, centrifugated and stored until analysis. An oral glucose tolerance test was performed after at least 8 h of overnight fast and a venous blood sample was obtained before and 2 h after a 75-g oral glucose load. Prediabetes was defined according to the Expert Committee on Diagnosis and Classification of Diabetes Mellitus 1997 and 2003 definitions as fasting serum glucose concentration from 5.6 to 6.9 mmol/l (100 to 125 mg/dl) or 2-hour post load serum glucose concentration from 7.8 to 11.0 mmol/l (140 to 199 mg/dl). Type 2 diabetes was defined as fasting serum glucose concentration ≥ 7.0 mmol/l (≥126 mg/dl) or 2-hour post load serum glucose concentration ≥ 11.1 mmol/l (≥200 mg/dl) or previous clinical diagnosis determined by self-report in individuals taking hypoglycemic medication. Glucose concentrations were measured by ion-selective potentiometry. Total cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol, creatinine, and albumin concentrations were measured by spectrophotometry. All analytical measurements were performed in the Central Laboratory at the National Institute of Medical Sciences and Nutrition, Salvador Zubiran in Mexico City, Mexico. The study was performed in accordance with the STROBE for cross-sectional studies and was conducted in accordance with the guidelines of the Declarations of Helsinki. The Institutional Review Boards of Research, Ethics and Biosecurity of The National Institute of Public Health in Mexico approved the study protocol. All participants gave written informed consent.
Statistical analysis
Comparisons of different risk factors between indigenous and nonindigenous individuals were performed using χ 2 , Student's t test, or the Wilcoxon rank-sum test, when appropriate. The main variables included in the analysis were level of education (< elementary vs. ≥ elementary), area of residence (rural vs. urban), degree of marginalization (high/highest vs. medium), degree of social inequality (high/highest vs. low/medium), BMI, waist circumference, physical activity (inactive/low vs. moderate/high physical activity), calorie intake, SBP and DBP, and lipids profile. Age-and age-sex-adjusted prevalence of prediabetes and type 2 diabetes and their 95% confidence intervals (CI) in indigenous and nonindigenous individuals were estimated by multiple logistic regression analysis. The association between prediabetes and type 2 diabetes and indigenous origin was examined by multiple multinomial regression analysis, calculating odds ratios (OR) and their 95%CI using the nonindigenous population as the reference group. First order interaction between indigenous origin and family history of diabetes, residence area, BMI, and physical activity was evaluated by the log-likelihood ratio test. The model fits were tested by Hosmer-Lemeshow goodness of fit, evaluation of outliers, and influence statistics. All analyses were performed using STATA/MP 15.1 (Stata Corporation, College Station, TX, USA.).
Results
Description of the study population
Of 2949 potential participants (1393 indigenous and 1556 nonindigenous) 1,940 individuals aged ≥ 20 years at the time of interview were examined (response rate 74% for indigenous and 58% for nonindigenous individuals) and 1844 had complete information for this analysis (response rate 93% for indigenous and 97% for nonindigenous individuals). The main reason for nonparticipation of indigenous persons was working for 6 months a year in other states of the country, whereas nonindigenous individuals had no time because of self-employment. 880 individuals included in this study were of indigenous origin (mainly from the Tojolabal ethnic group); 47.1% were bilingual. On the other hand, 964 persons were of nonindigenous origin. No differences by age, sex, and education level were observed between the individuals that participated in the study and those that did not participate. In a comparison between indigenous and nonindigenous participants, a great proportion of indigenous participants lived in rural areas (75.8% vs. 25.6%) in conditions of high marginalization (77.2% vs. 42.0%), high social inequality (50.7% vs. 18.2%), and had lower level of education (38.3% vs. 23.3%). On the other hand, indigenous participants were leaner compared with nonindigenous participants (Table 1) .
Additional comparisons were made by dividing the indigenous participants into 2 groups: Spanish-only speakers and bilinguals, living in urban and rural areas. Those of both groups living in rural areas had lower BMI and fat intake and significantly higher carbohydrate intake compared with their counterparts from urban areas. Bilinguals had lower BMI and fat intake and higher carbohydrate intake compared with Spanish-only speakers for both areas. Differences by physical activity were also observed. For both groups, a higher amount of METs (mainly related to work activities) was expended in rural than in urban areas.
Of 290 participants in the study with prediabetes, 13.4% were diagnosed by both fasting and 2-hour serum glucose; 52.4% only by fasting serum glucose, and 34.2% only by 2-hour serum glucose. Of 170 participants with type 2 diabetes, 65.3% had previous medical diagnosis and 12.4% were detected at the research examination by both fasting and 2-hour serum glucose; 11.7% only by fasting serum glucose, and 10.6% only by 2-hour serum glucose.
Prevalence of prediabetes and type 2 diabetes
The age-sex-adjusted prevalence of prediabetes (11.0%, 95%CI 8.9-13.1) was significantly lower (p < 0.001) in indigenous than in nonindigenous individuals (18.0%, 95%CI 15.3-20.6). In addition, the age-sex-adjusted prevalence was lower in indigenous (8.9%, 95%CI 6.6-11.1) than in nonindigenous (15.5%, 95%CI 10.7-20.2) participants living in rural areas (p = 0.010), but showed no difference in indigenous compared with nonindigenous individuals of urban areas. The age-sex-adjusted prevalence was lower in indigenous (10.3%, 95%CI 8.0-12.5) than in nonindigenous (17.0%, 95%CI 14.1-19.8) participants without family history of diabetes (p < 0.010), but showed no difference in indigenous compared with nonindigenous individuals with family history of diabetes. (Table 2) The age-sex-adjusted prevalence of type 2 diabetes was significantly lower (p < 0.001) in indigenous (4.7%, 95%CI 3.3-6.1) than in nonindigenous individuals (10.6%, 95%CI 8.4-12.7). The age-sex-adjusted prevalence was lower in indigenous (3.6%, 95%CI 2.3-4.9) than in nonindigenous (9.0%, 95%CI 7.0-11.2) participants without family history of diabetes (p < 0.001), but showed no difference in indigenous compared with nonindigenous individuals without family history of diabetes. (Table 3) Risk factors associated with the prevalence of prediabetes and type 2 diabetes
After adjustment for age, sex, indigenous origin, residence area, family history of diabetes, BMI, physical activity, and triglyceride levels, a significant interaction occurred between indigenous origin and family history of diabetes for type 2 diabetes but not for prediabetes. Indigenous participants had lower probability of prediabetes (OR = 0.65, 95%CI 0.46-0.91, p = 0.012) compared with nonindigenous participants. As for type 2 diabetes, in absence of family history of diabetes the probability was lower in indigenous (OR = 0.58, 95%CI 0.36-0.94, p = 0.028) compared with nonindigenous participants, whereas with family history of diabetes the probability was higher in indigenous (OR = 3.10, 95%CI 1.28-7.47, p = 0.028) Logistic regression models were used to estimate prevalence and its 95% CI. * Age-sex-adjusted prevalence. † Age-adjusted prevalence.
Missing values: BMI for 5 indigenous and 10 nonindigenous participants. Logistic regression models were used to estimate prevalence and its 95%CI. * Age-sex-adjusted prevalence. † Age-adjusted prevalence.
Missing values: BMI for 5 indigenous and 10 nonindigenous participants
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compared with nonindigenous participants. No significant interaction with BMI and residence area was found. After adjustment for the same variables mentioned above, prediabetes was associated with family history of diabetes among indigenous participants (OR = 2, 95%CI 1.04-3.85, p = 0.038) but not among nonindigenous individuals. Prediabetes was also associated with BMI in both indigenous (OR = 1.13, 95%CI 1.07-1.19, p < 0.001) and nonindigenous (OR = 1.14, 95%CI 1.09-1.18, p < 0.001) participants. As for type 2 diabetes, a stronger association with family history of diabetes was noted in indigenous (OR = 5.71, 95%CI 2.74-11.89, p < 0.001) than in nonindigenous (OR = 2.43, 95%CI 1.44-4.09, p = 001) participants. Also, the probability of type 2 diabetes was lower in both indigenous (OR = 0.31, 95%CI 0.16-0.60, p < 0.001) and nonindigenous (OR = 0.32, 95%CI 0.15-0.66, p = 0.002) participants from rural areas compared with those from urban areas. In addition, BMI was associated with type 2 diabetes in both indigenous (OR = 1.15, 95%CI 1.07-1.25, p < 0.001) and nonindigenous (OR = 1.09, 95%CI 1.03-1.14, p = 0.002) persons. Finally, low physical activity was associated with type 2 diabetes in nonindigenous (OR = 1.83, 95%CI 1.10-3.04, p = 0.021) participants, but not in indigenous ones. (Table 4 )
Discussion
In this study, the prevalence of prediabetes and type 2 diabetes was significantly lower in indigenous than in nonindigenous population, after adjustment for recognized risk factors. This disparity may be accounted for by a variety of conditions, such as differences in lifestyle behaviors (i.e. calorie intake and level of physical activity), social determinants (i.e. illiteracy, residence area, and degree of marginalization), access to varied high-quality food, and other environmental factors not yet identified.
The prevalence of prediabetes varies widely around the world, due to in part to the ascertainment of this condition. Nevertheless, its increase is undeniable in both developed and developing countries [2, 18] . In a study that included adults from seven Latin-American cities, fasting plasma glucose was used to define prediabetes, and the highest prevalence was reported in Mexico City, Mexico, and in Bogota, Colombia (3%). However, no estimations by indigenous origin were reported [19] . Another research conducted in six Central American countries including adults reported that 18.6% of participants had impaired glucose tolerance/impaired fasting glucose, ranging from 12.1% in Nicaragua to 28.2% in Guatemala [20] . In a study that included Zapotec and Mixe communities from Oaxaca, 9.9% and 4.7% of participants, respectively, had impaired glucose tolerance [14] . A 2010 study of Pima (7.4%) and non-Pima Mexicans (8.5%) found a similar prevalence of abnormal glucose tolerance [21] .
In many developed countries, indigenous populations have a higher prevalence of diabetes compared with nonindigenous ones, but this pattern is not consistent in developing countries. Studies carried out in American and Canadian Indians and in Australian aborigines have reported a higher prevalence of type 2 diabetes in these native groups than in nonindigenous populations, with the differences related to the adoption of obesogenic lifestyles and genetic predisposition [7, 22] . Other studies suggest that the prevalence of type 2 diabetes is greater in population groups with higher levels of poverty and marginalization, particularly when they adopt urbanized lifestyles [23, 24] . In the Mexican Family Life Survey, which oversampled communities with high proportions of indigenous people, the differences in the probability of diabetes were partially explained by lower SES [25] . On the other hand, a comparison between indigenous Pimas from Maycoba, Sonora, Mexico, and Pima Indians from Phoenix, Arizona, USA, showed that the latter had a 3-fold higher prevalence of diabetes than the Pimas from Mexico [11] . Although these 2 groups share similar genetic background, Pimas from Mexico are leaner, more physically active, and have a lower caloric intake than those from USA. Because Pimas from Mexico remain a relatively geographically and economically isolated population, the acculturation process has been less extensive than that probably occurring in less isolated populations [6, 7, 26, 27] . When Pima (9%) and non-Pima Mexicans (10.5%) living in the same conditions are compared, slight differences in the prevalence of diabetes can be observed [21] . In our study, we found that the prevalence of type 2 diabetes was lower in indigenous than in nonindigenous population, perhaps due to their poverty and marginalization levels which, in this context, are associated with lower energy intake and thus lower obesity. Moreover, the prevalence of type 2 diabetes was similar in urbandwelling indigenous and nonindigenous persons, which suggests that as acculturation occurs (i.e. lifestyles change) the risk for diabetes increases in indigenous population [11] . Relevant effects of acculturation include changes in dietary habits, physical activity, language of communication, among others, which all may have health implications [6, 21, 28] . Similar to other studies, we used the condition of speaking an indigenous language as a subrogation of the acculturation process. In this research, as in studies in Mexican-Americans and Latino populations, those less acculturated were less likely to have prediabetes and type 2 diabetes. Although 47% of the indigenous people from our study spoke their native language and < 3% were monolingual, 76% of them were living in rural areas, so they had a lower possibility of dealing with an obesogenic environment [6, 7] . With respect to Latin America, a study with adults from seven cities the prevalence of diabetes ranged from 4% in Lima, Peru to 8.9% in Mexico City, Mexico [19] . In another study in Central America including adults from six cities the prevalence of diabetes varied from 5.4% in Honduras to 12.4% in Belize [20] . In a study comprising Bolivian (about 80% of participants of indigenous origin) and Chilean native populations, the prevalence of diabetes was 7.8% for Bolivians and 6.9% in Aymara natives and 8.2% in Mapuche indians for Chileans [29] .
In Mexico, according to 2000 national estimates, the prevalence of type 2 diabetes was 8.1% in urban and 6.5% in rural areas [9] , and in 2006 the prevalence rose to 15.5% and 10.4%, respectively [10] . In adults of Amerindian origin from Mexico, the prevalence ranged from 2% to 11.7% [11] [12] [13] [14] with the highest prevalence found in Mayans (11.7%) from Yucatan [30] , Zapotecos (8.7%) from Oaxaca [14] , and Pimas from Maycoba, Sonora (8.6%) [11] . Few studies have distinguished between urban and rural areas regarding prevalence. In Mayan communities, the prevalence of diabetes was 1.3% [31] ; however, recent estimations have shown a prevalence of 11.7% in both rural and urban areas [30] . In a study of rural areas in the State of Durango, the prevalence of type 2 diabetes was 3.2%, although the population was not classified considering indigenous or nonindigenous ethnicity [32] . Noteworthy, in the communities of Mexicaneros, Huicholes, and Tepehuanos from Durango, no cases of type 2 diabetes were reported [33] .
In our study, indigenous population from rural areas had a decreased risk of prediabetes and type 2 diabetes. Rural poverty may be creating conditions that are favorable to cardio-metabolic health. Besides, indigenous population has a greater intake of carbohydrates compared with nonindigenous people; their intake of fat is lower, and their level of physical activity is higher. Therefore, their energy expenditure is more efficient with a positive impact on BMI reduction. On the other hand, indigenous persons living in urban areas increase their fat intake and decrease their physical activity, which is perhaps influenced by a greater access to high-density food and a more sedentary lifestyle. Another important aspect relates to the purchasing power of the population that allows accessing to a greater variety of best quality foods. Indigenous persons living in rural areas with a high degree of marginalization and social inequality have limited access to varied food because more than half of them eat only the food they grow. Moreover, this population has a high level of physical activity due to their working occupations, lacks means of transportation inside their community, and hence walks long distances every day.
Among the strengths of our research was the number of individuals enrolled in both the indigenous and nonindigenous groups of the study, which helped us to evaluate several social determinants and lifestyle risk factors. Although the nonresponse rate was moderate because of similar reasons in both groups of participants, no differences in social determinants between respondents and nonrespondents were found, thus reducing the probability of selection bias. On the other hand, because of the definition of indigenous origin we used, the probability of misclassification bias exists; nevertheless, self-reported indigenous origin is more related to social and cultural factors rather than biological or genetic aspects per se, which was more in accordance with the goals of this study [16] . Also, the cross-sectional design of the study made it difficult to determine the impact of changes on food intake and physical activity as well as on social determinants related to the prevalence of prediabetes and diabetes.
In summary, our results seem to support the hypothesis that environmental factors associated with traditional ways of life, such as moderate/vigorous physical activity and reduced access to energydense diet, protect the indigenous population from diabetes. Unfortunately, the process of acculturation, which is entailed by poverty reduction strategies in developing countries, may increase the prevalence of diabetes in these groups [6] . It is thus advisable to implement well-designed and comprehensive strategies and public policies against community isolation and poverty that promote education and healthcare while preserving at the same time healthy lifestyles.
